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4.4.1 Introduction

The land-based tests were conducted at the harbour of the Royal Netherlands Institute for Sea
Research (NIOZ), Island of Texel, North Sea. Only natural water sources and naturally occurring
organisms were used during the tests. As a consequence, a large variety of different organisms were
present in the samples, and their numbers changed rapidly throughout the test season.

The tests were split into two groups:

I. Tests at high salinities / marine conditions. These tests were done with natural water from the
NIOZ harbour. Additionally, natural sediments were added to the test water to increase the TSS in
some of the tests.

II. Tests at freshwater conditions. These tests were carried out with natural freshwater that has been
transported to the NIOZ harbour in a barge (630m?3), the night before the start of each test run. The
water has been collected in the Lake lJssel. During the tests, the water was pumped directly to the
NIOZ test installation. Natural sediments were added to the water to further increase the TSS load,
in each of the tests.

A summary of the water quality conditions of all land-based tests is presented in the table below:

variable range unit
Salinity 0.4-36.1 g/kg (PSU)
DOC 2-7 mg/L
POC 5-36 mg/L
TSS 11-86 mg/L
Temperature 9-17 °C
UV-T 53->62 %
Organisms >50um 109 - 244 X 1000 per m?
Organisms 10<um<50 970 - 1875 Per mL

It was concluded by NIOZ that

[Start Quote] "In conclusion: the CATHELCO UV Ballast Water Treatment System as tested at NIOZ in
2012 is an environmentally safe ballast water management system with a high biological efficacy
that generally meets and exceeds the D-2 Ballast Water Performance Standard. [End Quote]
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4.4.2

Land-based tests at high salinities / marine conditions

Summary table of the test results for marine water as an extract from the NIOZ report.

Marine water

Test water (TO)

Control (discharge)

Treated (discharge)

(5 tests) average min-max average min-max average | min-max unit

. 109,000- 17,000 - Per m3

> -

Organisms 250um 111,000 113,00 28,000 41,000 4 1-9
Organisms 10£um<50 1287 968 - 1663 94 58-122 3 0-6 Per ml
Heterotrophic bacteria 2.2 1.3-2.8 1.0 09-1.2 0.8 0.1-0.15 );i,ron(:(l),OOO
E. coli <10 <10 <10 <10 <10 <10 Cfu/100 ml
Enterococci 1 <1-2 <1 <1 <1 <1 Cfu/100 ml

The operational parameters of the system were logged automatically during each of the tests.

Averages of salinity, temperature and TSS as well were the operational parameters from the

Cathelco BWMS log files during the tests are presented on the following pages. In addition, pressure

values in front of the filter and after the filter were recorded from test M3 onwards.

For full biological results see the NIOZ report land based tests (Annex 1d).
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Land-based test M1 - Marine

{
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Averages of salinity, temperature and TSS as well were the operational parameters from Cathelco
BWMS log files during test M1. Abundances of organisms > 50um are included. For full biological
results see the NIOZ report land based tests (Annex 1d).

Uptake | Sal | Temp TSS | Test water >? C:ﬁm Fr:)t\g E!tcir uvT dlé\s/e P cl?ai ;e Sal | Temp TSS >? C;ﬁm Flow rate | UVT dL;\s/e P
(To) |[PSUl| [°C] |I[mg/ll | [org./m?] [org./m?] | [m?/h] | flushes [%] 0/m?] [KW] (T5) [PsU]| [°C] | [mg/I] [org./m?] [m3/h] | [%] 0/m?) [KW]
Control | 26,5| 8,9 29,2 113000 21566 n/a n/a n/a n/a n/a || Control | 26,7 9 8 32350 n/a n/a n/a n/a
Treated |27,4| 87 23 n/a 393 183 82 |87%| 863 |32,73| Treated |27,5| 88 8,3 1 187 | 77% | 584 [32,77
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Land-based test M2 - Marine
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UV treatment during uptake of high salinity test M2. UV treatment during discharge of high salinity test M2.

Averages of salinity, temperature and TSS as well were the operational parameters from Cathelco
BWMS log files during test M2. Abundances of organisms > 50um are included. For full biological
results see the NIOZ report land based tests (Annex 1d).

Org. Flow | Filter uv Dis- Org. uv
Uptake | Sal | Temp TSS | Test water uvT P Sal | Temp TSS Flow rate | UVT P
(10) |(psul| [l | [mg/i | forg/me) | “OOWT™ | rate | backe |y | dose \peyl haBe iyl ey | fme/m | T2 | iy | e | 20 |kwd
’ [org./m3] | [m3/h] | flushes [)/m?] (T5) [org./m?] [/m?]
Control | 27,2 9 29,2 113000 21566 n/a n/a n/a n/a n/a || Control | 26,7 9 8 32350 n/a n/a n/a n/a
Treated | 27,2 9,2 22,6 n/a 36 175 151 | 73% | 527 |[30,91| Treated | 27,4 9,2 8,5 2,5 191 77% | 569 (29,87
Revision 04 Cathelco Page 6 of 17
03/04/14 Marine House, Dunston Road

Chesterfield, Derbyshire
ENGLAND S41 8NY




Cathelco

SUMMARY OF G8 TYPE APPROVAL TEST (Land Based)

-~ .

CATHELCO BWMS

Land-based test M3 - Marine
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UV treatment during uptake of high salinity test M3.

Averages of salinity, temperature and TSS as well were the operational parameters from Cathelco
BWMS log files during test M3. Abundances of organisms > 50um are included. For full biological
results see the NIOZ report land based tests (Annex 1d).

UV treatment during discharge of high salinity test M3.

Org. Flow | Filter uv Dis- Org. uv
Uptake | Sal | Temp TSS Testwater uvT P Sal | Temp TSS Flow rate | UVT P
(10) |(psu1| [l | [mg/i | forg/me) | “OOWT™ | rate | backe |y | dose \peyl haBe iyl ey | fme/m | T2 | iy | e | 20 | kws
’ [org./m3] | [m3/h] | flushes [J/m?] (T5) [org./m?3] [J/m?]
Control | 31,4 | 16,3 10,8 108550 46983 n/a n/a n/a n/a n/a || Control | 31,1 15 5,8 40950 n/a n/a n/a n/a
Treated | 33,6 | 16,5 14,2 n/a 51 193 3 80% | 634 |[32,72| Treated | 30,5| 14,4 5,6 8,7 197 86% | 760 (32,74
6,00
z ey
’76' 5,00 L
4,00
‘ e ——"
2,00 \ r i s
1,00
00 520,3 1040,6 15609 2081,2 2601,5 31218 36421 41624 46827 5203,0
Zet [s]

Filter operation during uptake of high salinity test M3. Green - Differential pressure; red - pressure before
filter; blue - pressure after filter.
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Land-based test M4 - Marine
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UV treatment during uptake of high salinity test M4.

UV treatment during discharge of high salinity test M4.

Averages of salinity, temperature and TSS as well were the operational parameters from Cathelco
BWMS log files during test M4. Abundances of organisms > 50um are included. For full biological
results see the NIOZ report land based tests (Annex 1d).

Org. Flow | Filter uv Dis- Org. uv
Uptake | Sal | Temp | TSS | Testwater uvT P Sal | Temp | TSS Flow rate | UVT P
(1) |Psul| 1Cl | [me/ | org/me) | T2OH™ | rate | back | | dose eyl ChATBE iogyrl ey | gy | ZPOM | i | el | 9% [pows
’ [org./m?] | [m3/h] | flushes [J/m?] (T5) [org./m?3] [J/m?3]
Control | 36,1 | 14,6 14 109250 23800 n/a n/a n/a n/a n/a || Control | 35,8 | 15,4 4,4 17050 n/a n/a n/a n/a
Treated | 36,1 | 14,9 18,9 n/a 384 188 9 81% | 662 |[32,74| Treated | 35,7 | 15,4 7,3 2 193 86% | 773 (32,75

0,00

0,0

527.8

10S5,S

2111,

o

2638.8
Zeit [s]

3188.5

368942

4222 0

47498

Filter operation during uptake of high salinity test M4. Green - Differential pressure; red - pressure before
filter; blue - pressure after filter.
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Land-based test M5 - Marine
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UV treatment during uptake of high salinity test M5.

UV treatment during discharge of high salinity test M5.

Averages of salinity, temperature and TSS as well were the operational parameters from Cathelco
BWMS log files during test M5. Abundances of organisms > 50um are included. For full biological
results see the NIOZ report land based tests (Annex 1d).

Org. Flow | Filter uv Dis- Org. uv
Uptake | Sal | Temp TSS Testwater uvT P Sal | Temp TSS Flow rate | UVT P
(10) |(psul| [l | [mg/i | forg/me) | “OOWM | rate | backe |y | dose pl haBe oyl ey | fme/m | T2 | imemy | e | 20 | wd
’ [org./m3] | [m3/h] | flushes [J/m?] (T5) [org./m?3] [J/m?]
Control | 36,1 | 14,6 14 109250 23800 n/a n/a n/a n/a n/a || Control | 35,8 | 15,4 4,4 17050 n/a n/a n/a n/a
Treated | 35,8 | 15,2 9,9 n/a 205 187 8 79% | 647 |32,73| Treated | 35,6 | 15,7 6,4 6 193 86% | 797 (32,70
€.00
g‘ ]
E L 1t |
2 S
4,00
3,00
s _‘_’___‘p
2,00 (e Mm
1,00
0,00
0.0 €108 12216 1832.4 24432 30540 36648 42756 4885 4 S497.2 6108.0

Zeit [s]

Filter operation during uptake of high salinity test M5. Green - Differential pressure; red - pressure before
filter; blue - pressure after filter.
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4.4.3 Land-based tests at freshwater conditions
Summary table of the test results for Freshwater as an extract from the NIOZ report.
Freshwater Test water (TO) Control (discharge) Treated (discharge)
(6 tests) average min-max average min-max average | min-max unit
. 113,000 - 36,000 - Per m?
> -
Organisms 250um 169,000 244,000 100,000 371,000 2 0-9
Organisms 10<um<50 1870 1025 - 1875 172 81-381 5 2-7 Per ml
Heterotrophic bacteria 19 18-20 9 6-13 14 7-20 X100,000
per ml
E. coli 1200 15 - 3400 300 <10- 500 <10 <10 Cfu/100 ml
Enterococci 1 <1-2 <1 <1 <1 <1 Cfu/100 ml

The operational parameters of the system were logged automatically during each of the tests.

Averages of salinity, temperature and TSS as well were the operational parameters from the

Cathelco BWMS log files during the tests are presented on the following pages. In addition, pressure

values in front of the filter and after the filter were recorded for all of the tests.

For full biological results see the NIOZ report land based tests (Annex 1d).
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Land-based test F2 - Freshwater
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UV treatment during uptake of Freshwater test F2. UV treatment during discharge of Freshwater test F2.

Averages of salinity, temperature and TSS as well were the operational parameters from Cathelco
BWMS log files during test F2. Abundances of organisms > 50um are included. For full biological
results see the NIOZ report land based tests (Annex 1d).

Org. Flow | Filter uv Dis- Org. uv
Uptake | Sal | Temp TSS Testwater UvT P Sal | Temp TSS Flow rate | UVT P
(T0) |[Psul| [l | [mg/il | forg/m?) | “2OWT | rate | backe | ) dose eyl M8 oyl ey | tme/m | O™ | i | el | 29 | ews
’ [org./m3] | [m3/h] | flushes [1/m?] (T5) [org./m?] [}/m?]
Control | 0,4 16,3 67,2 243600 329800 n/a n/a n/a n/a n/a || Control | 0,4 16,1 6,4 370900 n/a n/a n/a n/a
Treated | 0,4 16,5 53,4 n/a 35 156 50 55% | 244 |(32,74| Treated | 0,4 16,5 13,1 23,0 186 69% | 399 (32,72
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Filter operation during uptake of Freshwater test F2. Green - Differential pressure; red - pressure before
filter; blue - pressure after filter.
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Land-based test F3 - Freshwater
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UV treatment during uptake of Freshwater test F3.

UV treatment during discharge of Freshwater test F3.

Averages of salinity, temperature and TSS as well were the operational parameters from Cathelco
BWMS log files during test F3. Abundances of organisms > 50um are included. For full biological
results see the NIOZ report land based tests (Annex 1d).

Org. Flow | Filter uv Dis- Org. uv
Uptake | Sal | Temp TSS Testwater UvT P Sal | Temp TSS Flow rate | UVT P
(T0) |[sul| [l | [mg/l | forg/m?] | “2OWT | rate | backe |y ) dose eyl M8 ooyl ey | tme/m | PO | e | el | 29 | wd
’ [org./m3] | [m3/h] | flushes [1/m?] (T5) [org./m?] [}/m?]
Control | 0,4 | 14,6 61,7 200800 207200 n/a n/a n/a n/a n/a || Control | 0,4 | 14,3 13,7 72100 n/a n/a n/a n/a
Treated | 0,4 14,6 52,9 n/a 98 161 33 58% | 264 [29,35| Treated | 0,4 14,5 19 9,0 160 55% | 233 (32,78
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Filter operation during uptake of Freshwater test F3. Green - Differential pressure; red - pressure before
filter; blue - pressure after filter.
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Land-based test F4 - Freshwater
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UV treatment during uptake of Freshwater test F4.

Averages of salinity, temperature and TSS as well were the operational parameters from Cathelco
BWMS log files during test F4. Abundances of organisms > 50um are included. For full biological
results see the NIOZ report land based tests (Annex 1d).

UV treatment during discharge of Freshwater test F4.

Org. Flow | Filter uv Dis- Org. uv
Uptake | Sal | Temp | TSS | Testwater UvT P Sal | Temp | TSS Flow rate | UVT P
(1) |Psul| 1C) | [me/l | org/me) | 720U | rate | back g | dose gy charBE gyl ey | gy | PO | i | e | 9% fwd
. 0 0
[org./m3] | [m3/h] | flushes [J/m?3] (T5) [org./m?3] [J/m?3]
Control | 0,4 | 13,7 69,5 112900 116300 n/a n/a n/a n/a n/a || Control | 0,4 | 14,6 13,3 36000 n/a n/a n/a n/a
Treated | 0,4 | 13,6 | 55,5 n/a 46 122 11 | 48% | 198 [32,77| Treated | 0,4 | 146 | 19,8 1 77 54 | 445 [29,91
L= L}
oo
o I’\__/-’I,’//\_,//\,’/L,l/’l_,l_,/\_—
% = 313-/4"’/1  —
=4 OO
g L |
1 OO
<= Dgo o = V202 & 2T03 9 22805 2 FISOoE S A2O0T = R Te b=y | SE10 a4 s31.T FTO1Z O
Zeit [=1

Figure 3: Filter operation during uptake of Freshwater test F4. Green - Differential pressure; red - pressure
before filter; blue - pressure after filter.
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Land-based test F5 - Freshwater
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UV treatment during uptake of Freshwater test F5. UV treatment during discharge of Freshwater test F5.
Averages of salinity, temperature and TSS as well were the operational parameters from Cathelco
BWMS log files during test F5. Abundances of organisms > 50um are included. For full biological
results see the NIOZ report land based tests (Annex 1d).
Org. Flow | Filter uv Dis- Org. uv
Uptake | Sal | Temp TSS Testwater >50um rate back- UvT dose P charge Sal | Temp TSS >50m Flow rate | UVT dose P
o 3 0, ° 3 0,
(To) |[PSU]| [°Cl | [mg/ll | [org./m?] (org./m?*] | (m*/h] | flushes (%] 0/m? [KW] (T5) [PSU]| [°C] | [mg/I] [org./m’] [m*/h] | [%] 0/m?) [KW]
Control | 0,4 | 13,7 69,5 112900 116300 n/a n/a n/a n/a n/a || Control | 0,4 | 14,6 13,3 36000 n/a n/a n/a n/a
Treated | 0,4 | 13,7 | 76,4 n/a 45 [11035| 35 |[46% | 183 [32,73| Treated | 0,5 | 150 | 16,1 0 80,14 |55% | 448 [32,73
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Filter operation during uptake of Freshwater test F5. Green - Differential pressure; red - pressure before
filter; blue - pressure after filter.
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Land-based test F6 - Freshwater
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UV treatment during uptake of Freshwater test F6.

UV treatment during discharge of Freshwater test F6.

Averages of salinity, temperature and TSS as well were the operational parameters from Cathelco
BWMS log files during test F6. Abundances of organisms > 50um are included. For full biological
results see the NIOZ report land based tests (Annex 1d).

Org. Flow | Filter uv Dis- Org. uv
Uptake | Sal | Temp TSS Testwater 50um rate back uvT dose P charge Sal | Temp TSS 50um Flow rate | UVT dose P
u - u
TO PSU °C | ./m3 % KW PSU °C | 3/h % KW
(To) [[PsUl| [C] | I[mg/ll| [org./m’] (org./m?] | [m¥/h] | flushes (%] 0/m? [KW] (T5) [PSUT| [°Cl | [mg/I] (org./m?] [m*/h] | [%] 0/m? [KW]
Control | 0,4 | 13,3 | 106,9 172400 130700 n/a n/a n/a n/a n/a || Control | 0,4 | 12,3 10,9 41400 n/a n/a n/a n/a
Treated | 0,4 | 13,3 | 59,6 n/a 47 80 30 |47% | 272 (32,76 Treated | 0,4 | 12,7 | 17,9 1 128 [ 60% | 387 [32,81
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Filter operation during uptake of Freshwater test F6. Green - Differential pressure; red - pressure before
filter; blue - pressure after filter.
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SUMMARY OF G8 TYPE APPROVAL TEST (Land Based)

Cathelco

). 4 |

CATHELCO BWMS

Land-based test F7 - Freshwater

1000

100

10

" === Dose rate [J/m?]
e F|ow rate [m3/h]
UVT [%]
0 100 200 300
Time [min]

1000
100 ~

10 H Dose rate [J/m?]
Flow rate [m3/h]
UVT [%]

1 T T T
0 100 200 300
Time [min]

UV treatment during uptake of Freshwater test F7.

UV treatment during discharge of Freshwater test F7.

Averages of salinity, temperature and TSS as well were the operational parameters from Cathelco
BWMS log files during test F7. Abundances of organisms > 50um are included. For full biological
results see the NIOZ report land based tests (Annex 1d).

Org. Flow | Filter uv Dis- Org. uv
Uptake | Sal | Temp TSS Testwater uvT P Sal | Temp TSS Flow rate | UVT P
(10) |(Psul| [l | [mg/i | forg/me) | “SOWT™ | rate | backe |y | dose \peyl haBe oyl ey | fmg/m | T2 1 iy | el | 90 | wd
’ [org./m3] | [m3/h] | flushes [J/m3] (T5) [org./m3] [J/m?3]
Control | 0,4 | 13,3 | 106,9 172400 130700 n/a n/a n/a n/a n/a || Control | 0,4 | 12,3 10,9 41400 n/a n/a n/a n/a
Treated | 0,4 13,4 63,2 n/a 27 74 62 45% | 260 |32,73|f Treated | 0,4 13 19,4 0 121 60% | 413 (32,00
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Filter operation during uptake of Freshwater test F7. Green - Differential pressure; red - pressure before

filter; blue - pressure after filter.
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04 19/03/2014 Correction due to List of Known Errors PH MD SRE
03 08/01/2014 Summary table on page 4 corrected MV
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01 01/10/2013 Changed summary tables PH
00 13/09/2013 Initial Issue MV
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